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Amendment to the Claims ; 

This listing of claims will replace all prior versions, and listing, of claims in the application. 

Listing of Claims : 

1. (canceled) 

2. (canceled) 

3. (currently amended): A circuit, comprising: 

a delay locked loop having a d elay line with a plurality of tap outputs; 

a first tap selection circuit that produces a first set of tap addresses to select a first set of 
the plurality of tup outputs from the delay li n e according to a first timing u> produce a first outp ut 
signal; 

a second tap selection circuit that produces a secon d set of tap addresses to select « 
second set of the plurality of tap outputs from the delay line according to a second timip f . m 
grpduce a second output signal: 

amodulator comhining the first and second output signals to produce a modulated outran 
signal: and 

3* 16 apparatus according to claim 2< 

wherein the modulator frequency- modulates the first output signal with the second output signal. 
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4. (currently amended): A circuit, comprising: 

a delay locked loop having a d elay line with a plurality of tap outputs: 

a first tap selection circuit that produces a fir s t set of tap addresses to select a first scj nf 

the plurality of tap outputs from the delay line according to a first timing to produce a first n.,tp nr 

signal: 

a second tap selection circuit that produces a s econd set of tap addresses to art*,* a 
second set of the plurality o f tap out puts f ro m the delay line according to a second timinP in 
produce a second output signal: 

a modulator combining the first a n d second output si gnals to produce g mo^uj&gd ™" P ... 
signal: and 

Th e appnratuo according to olaim 2, 

wherein the modulator phase- modulates, the first output signal with the second output signal. 

5. (currently amended): A circuit, cornp risinfr 

a delay locked loop having „ H^yi™- 1v , Tn ., p i Ufa ij tv of tap nilt p,it« T 

a first tap selection circuit that produces a first ge t of tan addresses, to select a tir^i sot nf 

the plurality qf tap out puts from t he de lay lin e according tn a first timing to produce a first nnr p .,t 

Si gnal; ^ 
a second tap selection circuit that produces a s econd set nf i 8 , p addresses tr. geject a 

S econd set of the plurality gf tap outputs from the delay line ac c ording to a s^ond timing to 

produce a s econd output signal: 

a modulator combining the first and second out p ut signals to produce a modulated output 
signal; and 

Th e apparatus according to claim 3 ; 

wherein the modulator amplitude- modulates the first output signal with the second output signal. 
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6. (canceled) 

7. (canceled) 

8. (currently amended): ¥he apparatus of claim 1 , further comprifling: A circuit comprising 

a delay locked loon having a delay line with a plurality of tap outputs; 

a first tap selection circuit that produces a first set o f tap addresses i„ select a first get of 
t he plurality of tap outputs from the delay One a ccording to p first timing to nmduce a first output 
signal; 

a second tap selection circuit that produces a seco n d set of tap addresses to select a 
sec ond set of the plurality of tap outputs from the delay li n e accordin F t o a second limino m 
produce a second output signal: 

a tap selection processor that selects the first set of the plurality of tap outputs from the 
delay line according to the first timing, and selects the second set of the plurality of tap outputs 
from the delay line according to the second timin g, the tan selection p ron^nr ™m r , icir, r 

a frequency accumulator receiving an i nteacr part K of K.C where K.C = / 
E sfc_where F, WI> is a desired output fre quency and P w is a reference clock 
frequency, and wherein the frequency accumulamr is clocked hy F T * ; ypH 
a phase accumulator that receives the fractio n al part C of K.C wherein the p h;,M> 
accumulator is clocked hy an overflow of th e, frequency n^umulator. and wherein 
the frequency a ccumulator pr o d uces the first set of ihe. plurality ^ tap output, 
addresses as an oulput thereof; 
a first demultiplexer responsive to the tap selection processor to selectively route the 
selected first set of the plurality of tap outputs to a common node to produce the first output 
signal; and 

a second demultiplexer responsive to the tap selection processor to selectively route the 
selected second set of the plurality of selected tap outputs to the common node to produce the 
second output signal. 
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9. (currently amended): ¥ he apparatus according to claim S rA circuit, comprising: 
a delay locked loop having a delay l ine with a pl urality of tap outp uts; 
a first tap selection circuit that produces a first set nf tat) addresses to select a first set of 
the plurality of tap outputs from th e delay line according to a first timing to produce a first outp ut 
signal, the f irst tap selection circuit further comprising. 

a first tap selection processor th at selects the first set of the plurality of tap outputs 
from the de lay line according to the first timing and 

a first demultiplexer responsive to the first tap selection processor to selectively 
route the selected first set of tap outputs to a common node to produce the first 
output signal: 

a second tap selection circuit that nrorinc c s a second set of tap addresses to select a 
second set of the plurality of tap outputs fr om the delay line according to a second timing to 
produce a second output signal, the second tap sele ction circuit further comprising : 

a second tap selec tion processor that selects the second set of the plurality of tap 
outputs from t he delay line according to the second timing: and 
a second demultiplexer resnonsiv c to the second tap selection processor to 
selectively route the selected second set of tap outputs to the common node to 
produce the se cond output signal; 
and whereinthe first tap selection processor comprises: 

a frequency accumulator receiving an integer part K of K.C where K.C = P 0u , / F ref , where 
F«, is a desired output frequency and F Kf is a reference clock frequency, and wherein the 
frequency accumulator is clocked by Fret; and 

a phase accumulator that receives the fractional part C of K.C, wherein the phase 
accumulator is clocked by an overflow of the frequency accumulator, and wherein the frequency 
accumulator produces the first set of the plurality of tap output addresses as an output thereof. 

10.(original): The apparatus according to claim 9, wherein the second tap selection processor 
comprises a phase offset adder receiving the first set of the plurality of tap outputs as a first input 
and a normalized phase shift as a second input thereto and producing the second set of the 
plurality of tap output addresses as an output thereof, and wherein die phase offset adder is 
clocked by the overflow of the frequency accumulator. 
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1 1. (currently amended): A circuit for producing two output signals having frequency F^, and 
differing by a phase shift, comprising: 

a delay locked loop having a plurality of addressable tap outputs; 

a tap selection circuit that selects a first sequence of tap addresses C ja ; aad 

an adder that adds a normalized phase shift component <I> = JfcG q / (2 n) (a - a desired 
phase shift in radians) to the first sequence of tap addresses to produce a second sequence of 
tap addresses C jb , where C is the fractional part trf K .C in K.C = / F« r , and F ref being a 
reference clock frequenc y, and 

a first multiplexer and a second multiplexer , wherein the first sequence of tap addresses 
Qa-are applied to the first multiplexer to produce a fir s t output sig nal F fl „ w . and wherein th^ 
second sequence of tap addresses C , h are applied to the second multiplexer to produce a second 
output signal , and wherein F„„„ differs from F^,. t K by the desired phase shift. 

12. (canceled) 

13. (original): The apparatus according to claim 11, wherein the desircd phase shift comprises 
±90 degrees. 

14. (original): The apparatus according to claim 11, wherein the desired phase shift component 
<I> comprises a time varying phase shift component. 
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15. (currently amended): A circuit for producing two output signals differing by a phase shift, 
comprising: 

a delay locked loop having a plurality of addressable delay line tap outputs, the delay 
locked loop synthesizing the oulput. signals at a frequency with K.C= F^, / F ref , and 
being a reference clock frequency; 

a lap selection circuit that selects a sequence of tap addresses C ja ; 

a first multiplexer, wherein the sequence of tap addresses are applied to a plurality of 
inputs of the first multiplexer to produce a first oulput signal F wta ; aftd 

a second multiplexer, wherein the sequence of tap addresses C ja arc added to a delay 
factor «Kt€ oJ(2tz) where a is a desired phase shift in radians and applied to a plurality of inputs 
of the second multiplexer to produce a second oulput signal F^juid 
wherein the first and second multipl exers each comprise N:l multiplexers havine N inputs. 

16. (canceled) 

17. (original): The apparatus according to claim 15, wherein a corresponds to a fixed phase 
shift. 

18. (original): The apparatus according to claim 15, wherein the a corresponds to ±90 degrees. 

19. (original): The apparatus according to claim 15, wherein the a comprises a lime varying 
phase shift. 



7 



PAGE 9/22 * RCVD AT 7/20/2005 4:47:37 PM [Eastwn Daylight Timel a SVRiUSPTO-EFXRF-6/27 * DNIS:273»00 * CSID:9547233871 1 DURATION (mm-ss):04-24 



Jul. 20. 2005 4:52PM 9547233871 



No. 8505 P. 10 



Application No. 1 0/050,233 Docket No. CM03359J 

Amendment dated July 20, 2005 
Reply to Oftice Action of April 21, 2005 

Claims 20-33 (canceled) 

34. (currently amended): A digital frequency modulator, comprising: 

a delay locked loop having a delay line with a plurality of tap outputs; 

a tap selection processor that selects a sequence of time varying tap addresses Cj(t) that 
vary in time in accordance with a modulating signal m(t); and 

a multiplexer circuit, and wherein the time varying tap addresses Cj(t) are applied to the 
multiplexer circuit to select a time varying sequence of tap outputs as a frequency modulated 
output signal F om (t) wherein the tap selection processor comprises an integrator that integrates 
the modulating signal m(t) and an ad der that adds the integrated modulating signal m(t) to a 
selected sequence of tap addresses Cj to produce C/O. 

35. (canceled) 

36. (original): The apparatus according to claim 34, wherein the time varying tap addresses Cj(t) 
are further selected to amplitude modulate the output signal F^ft) in accordance with the 
modulating signal m(t). 

37. (original): The apparatus according to claim 34, wherein the time varying Lap addresses C(t) 
are further selected to phase modulate the output signal F^t) in accordance with the modulating 
signal m(t). 

38. (original): The apparatus according to claim 35, wherein Lhe modulating signal m(t) 
comprises an analog signal. 

39. (original): The apparatus according to claim 34, wherein the modulating signal m(t) 
comprises a data signal. 
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40. (currently amended): A digital amplitude modulator, comprising: 

a delay locked loop having a delay line with a plurality of lap outputs; 

a tap selection processor thai selects a sequence of lime varying tap addresses Cj(t) that 
vary in time in accordance with a modulating signal m(l); 

a multiplexer circuit, and wherein the time varying tap addresses Cj(t) are applied to the 
multiplexer circuit to select a time varying sequence of tap outputs as an amplitude modulated 
output signal F OTt (t )iand 
wherein the too selection processor comprises: 

a fir st adder t hat adds the modulating signal m(t) to a selected sequence of tap addresses 
Ci, to produce a first sequence of li me varying tap addresses 

a second adder that subtracts the modulating signal mfO from the selected sequence of rap 
addresses lo produce a second sequence of time varying tap addresses Cj.fl>: and 

wherein Qfrt comprises Crft) and C&{& 
and wherein the multiplexer circuit comprises: 

a first multiplexer receiving the first seq uence of time varying tap addresses C^fi) tn 
produce a first Output sipnai V «^); r,nri 

a second multiplexer receiving the second s equence of time varying tap addresses Crf i) 
to produce a second outpu t signal V z (t\: 
and further comprising: 

a summation circuit that adds V t ft) to Wrt to obtain an amplitude modulated 
output signal V(t);. 

41. (canceled) 



42. (currendy amended): The apparatus according to claim 4+ 40, wherein the adding circuit 
comprises an analog summation circuit. 

43. (original): The apparatus according to claim 42, wherein the summation circuit comprises a 
three state analog summation circuit. 
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44. (original): The apparatus according to claim 43, wherein the three state analog summation 
circuit comprises a NAND gate and a NOR gate, each receiving Vl(t) and V2(t) and producing 
first and second outputs therefrom; and a first and a second transistor connected in series and 
driven by the first and second outputs respectively to produce a three slate output at a node 
coupling the first transistor with the second transistor. 



45. (original): The apparatus according to claim 40, wherein the time varying tap addresses C/t) 
are further selected to frequency modulate the output signal F^t) in accordance with the 
modulating signal m(t). 

46. (original): The apparatus according to claim 40, wherein the time varying tap addresses C(t) 
are further selected to phase modulate the output signal F out (t) in accordance with the modulating 
signal m(t). 

47. (original): The apparatus according to claim 40, wherein the modulating signal m(t) 
comprises an analog signal. 

48. (original): The apparatus according to claim 40, wherein the modulating signal m(t) 
comprises a data signal. 
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49. (currently amended): A method of producing multiple outpuL frequencies using a delay 
locked loop having a delay line with a plurality of tap outputs, comprising: 

selecting a first sequence of the tap outputs according to a first liming to produce a first 
output signal F om i; und 

selecting a second sequence of the tap outputs according to a second timing to produce a 
second output signal F ou a. ; and 

applying addresses of the first sequence of t an outputs to a first multiplexer to select the 
first sequen ce of tap outputs: and 

applying add re sses of the sec ond sequen c e of tap outputs to a second multip lexer tn gglecj 
the second sequence of tap outputs: and 

modulating: the first seq uence of tan outputs with the second sequence of tap outputs. 

50. (canceled) 

51. (canceled) 
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52. (original): A method of producing two output signals differing by a phase shift in a delay 
locked loop circuit having a deiay line with a plurality of addressable tap outputs, comprising: 

selecting a first sequence of Up addresses and 

adding a phase shift component <I> to the first sequence of tap addresses C ja to produce a 
second sequence of tap addresses C jb . 

53. (original): The method according to claim 52, further comprising: 

applying the first sequence of tap addresses C ja to a first multiplexer to produce a first 
output signal F^; and 

applying the second sequence of tap addresses C jb to a second multiplexer to produce a 
second output signal , and wherein Fouu differs from F ()Ulb by a phase shift related to <I>. 

54. (original): The method according to claim 52, wherein the phase shift comprises ±90 
degrees. 

55. (original): The method according to claim 52, wherein the phase shift component O 
comprises a time varying phase shift component. 
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56. (original): A method of producing two output signals differing by a phase shift using a delay 
locked loop having a plurality of addressable delay line tap outputs, comprising: 

.selecting a sequence of tap addresses Cj a ; 

applying the sequence of tap addresses C ja to a plurality of inputs of a first multiplexer to 
produce a first output signal F oura ; and 

applying the sequence of tap addresses Cp to a plurality of inputs of a second multiplexer 
to produce a second output signal F WItb ; 

wherein fwi differs from F\ ma by the phase shift, and wherein the phase shift is 
determined by a constant difference in address location selected by the sequence of tap addresses 
Cja between the first and second multiplexers. 

57. (original): The method according to claim 56, wherein the first and second multiplexers arc 
connected to the tap outputs in a manner such thai a tap address Ca selects an input 
corresponding to lap number L of the first multiplexer and corresponding to tap number L+ <P in 
the second multiplexer, where 0 is a phase shift normalized to a length of the delay line. 

58. (original): The method according to claim 57, wherein rhe sequence of tap addresses Cj a is 
applied to the second multiplexer through a delay element. 

5£9. (currently amended): The apparatus according to claim 56, wherein the phase shift 
corresponds to ±90 degrees. 

60. (original): The apparatus according to claim 56, wherein the phase shift comprises a time 
varying phase shift. 
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Claims 61-70 (canceled) 

71. (currently amended): A method or providing digital frequency modulation in a delay locked 
loop circuit having a delay line with a plurality of tap outputs, comprising; 

selecting a sequence of time varying tup addresses Cj(t) that vary in time in accordance 
with a modulating signal m(l), wherein the selecting comprises: 
integrating the modulating signal m(Q: and 

adding the integr ated modulating signal m(t) to a selected seq u ence of tap 
addresses Q to produce Qfrt : and 
applying the time varying tap addresses Cj(t) to a multiplexer circuit to select a time 
varying sequence of tap outputs as a frequency modulated output signal F^t). 

72. (canceled) 
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73. (currently amended): A method of providing digital amplitude modulation in a delay locked 
loop circuit having a delay line with a plurality of tap outputs, comprising: 

selecting a sequence of time varying tap addresses Cj(t) that vary in time in accordance 
with a modulating signal m(t) a wherein the selecting comprises: 

adding the modula ting signal m(0 to a selected sequence of tap addresses C t to 
produce a first seq uence of time varying tap addresses C^dY. and 
subtracting the modulating signal m(X) from the selected sequence of tap 
addresses G a to produce a second sequence of time varying tap addresses 
wherein Cjffl comprises C ± ( t) and C^iY and 
applying the time varying tap addresses Cj(t) to a multiplexer circuit to select a time 
varying sequence of tap outputs as an amplitude modulated output signal F mt (l). 

74. (canceled) 

75. (currently amended): The method according to claim 74 73, and wherein the applying 
comprises: 

applying the first sequence of time varying tap addresses Cj b (t) to a first multiplexer to 
produce a first output signal V|(t); and 

applying the second sequence of time varying tap addresses C jc (t) to a second multiplexer 
produce a second output signal V 7 .(t), 

76. (original): The method according to claim 75, further comprising adding V^t) to V 2 (t) to 
obtain an amplitude modulated output signal V(t). 

77. (original): The method according to claim 76, wherein the adding is carried out in an analog 
summation circuit. 

78. (original): The method according to claim 77, wherein the analog summation circuit 
comprises a three state analog summation circuit. 

15 



PAGE 17/22 ' RCVD AT 7/20/2005 4:47:37 PM [Eastern Daylight Time] * SVR;USPTO£FXRF-6/27 1 DN!S:2738300 * CS(D:9547233871 ' [MIRATION (mm-ss):04*24 



Jul. 20. 2005 4:54PM 9547233871 



No. 8505 P. 18 



Application No. 10/050,233 Docket No. CM03359J 

Amendment elated July 20, 2005 
Repiy to Office Action of Aprfl 21 , 2005 



79. (original): A method of selecting delay line taps to produce an output signal from a delay 
locked luop, comprising: 

computing an tap address P.Q where P is an integer part and Q is a fractional part; and 
selecting a delay line tap address of P during a portion of an operational cycle and or P+l 
during a remainder of the operational cycle, with the regularity of selection of P and P+l 
determined by an algorithm that establishes an average value of the tap address as approximately 
P.Q. 

80, (original): The method according to claim 79, wherein the algorithm selects the value of P 
for 0.Q operational cycles and P+l for 1 - 0.Q operational cycles. 
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